Background: Leishmaniasis represents a major public health concern in tropical
Introduction
eishmaniasis represents a major public health concern in the Eastern Mediterranean Region (1) . There are 2 main types of leishmaniasis, cutaneous (CL) and visceral (VL), both have zoonotic and anthroponotic transmission, of which, CL is the commonly observed. Each of these types is found in several foci in every endemic country (2). The prevention and control of leishmaniasis has been unsuccessful in almost all countries, especially in the case of zoonotic foci. Up until now, no efficacious and safe vaccine has been found for all form of leishmaniasis. Treatment; however, is the only major choice to control CL. Currently, pentavalent antimonial compounds are the standard treatment, but the prescribe of these drugs are limited due to their side-effects, long duration of use, low efficacy and increasing resistance (3, 4) .Therefore, the need for a new innovative control method is of prime importance.
Nevertheless, a controlled vaccination with living strains has met some success. One way to begin to create new vaccine and drugs is through the evaluation of important enzymes, proteins and macromolecules by reverse genetic engineering. In this type of research, the gene of a specific macromolecule is deleted and then the effect of its deletion is evaluated on the growth, multiplication and pathogenesis of the parasite. lipophosphoglycans (LPG), zinc metalloprotease (gp63), proteophosphoglycan (PPG) and parasite surface antigen-2 (PSA-2/gp46) are like attachments in the host to the macrophage cells and which lead to the development of the parasites inside the host. All of these ligands are attached to the membrane via a glycosylphosphatidylinositol (GPI) anchor (5) . The second step of GPI biosynthetic pathway is catalysed by Nacetylglucosamine phosphatidylinositol de-N-acetylase (GlcNAc-PI-de-N-acetylase or GPI12). This step is an important step that required for all GPI biosynthetic pathways. (6) In these step GPI12 de-N-acetylated N-acetylglucosamine phosphatidylinositol (GlcNAc-PI) to produce glucosamine phosphatidylinositol (GlcNH2-PI). At present, we found no research conducted on the effect of the deletion of this gene on Leishmania spp.
Virulent strains overcome the immunization, and the infections incurred often prove to be troublesome in a naturally acquired disease. Thus, currently, most research is concentrated on discovering a live-vaccine strategy which would protect the body in case the natural immunizing system fails to defend the body. Gene targeting and deleting of the essential metabolic genes is the general method applied for engineering conditionally viable Leishmania (7) .
In gene targeting technology, in vivo homologous recombination enables the replacement of a target genomic region with an exogenous DNA fragment that contains a region homologous to the targeted locus. This technology is indispensable for analysis of the gene's function. To acknowledge its importance, the discovery of the principles of gene targeting in mice was awarded a Noble Prize in 2007. Recently, this technology has been applied to gene therapy, gene studies, and the production of transgenic plants (8) .
Homologous gene replacement offers a powerful tool for altering and testing a gene's function (9) . Targeted gene replacement via homologous recombination has been an invaluable tool for genetic dissection of the salient metabolic and virulence pathways in Leishmania species (10) as well as for many other protozoan parasites (11) . The general experimental approach for genetic manipulation of model organisms is essentially the same: DNA sequences of sufficient length direct homologous recombination by flanking the targeted gene referred to here as 5'-and 3'-targeting sequences (TS) are independently isolated and joined to build an alternative gene (i.e. drug resistance gene) that allows the selec-L tion of those cells in which the appropriate integration event has occurred. The most common method for generating Leishmania and other parasite gene targeting constructs involves the sequential cloning of 5'-TS and 3'-TS DNAs into a vector encoding in a drug resistance cassette flanked by the restriction sites ( Fig. 1) (12) . We deleted GPI12 gene in L. major using the homologous recombination method. By using standard methods, the parasite then became a homozygote for this gene. This gene, however, was not a viable one and thus to achieve a live recombinant Leishmania parasite that maintained the original form of the antigenic parasites. Recombinant parasites were created and examined for subsequent study. This achievement can be used in vaccine development studies.
The aim of this study was to design and clone molecular constructs to knock out Nacetylglucosamine phosphatidylinositol de-N-acetylase (GPI12) gene in Leishmania major.
Materials and Methods

Designing construct
For designing and making the molecular construct, we used pLEXSY-2 vectors (pLEXSY-hyg2 and pLEXSY-neo2) (Jena Bioscience, Germany). These vectors contain gene markers that cause encoding aminoglycoside phosphotransferase and Hygromycin phosphotransferase, after entering the genome. These markers are used to help select such transfected parasites by Hygromycin and Neomycin antibiotics.
These vectors are made for expression or gene knock-in in Leishmania. In order to achieve our goal (i.e. gene knock out), the structure of the vectors had to be modified. Utr2, utr3 areas are required for the transsplicing and polyadenylation of the gene marker. Utr2, utr3 and gene markers were existed in pLEXSY-2 vectors (pLEXSY-neo2 and pLEXSY-hyg2) (Fig. 2D) . In order to find suitable areas to place the enzyme, the full sequences of these vectors were analysed by the application of Web cutter and Neb cutter software.
We considered the left flank area for the BglII and KpnI enzymes and the right flank area for FseI and BsrgI ( Fig. 2A) . Using the sequences of the Leishmania major genome available in the gene bank, helped us analyse and select the appropriate left and right flank areas.
The GPI12 gene was located in chromosome 9, Lmjchr9, LMJF_09_0040 749 bp and encoded a protein with 249 amino acids. We selected sequence of 10375 to 10674 for the left flank area, and the sequences of 11,583 to 12,082 as the right. The BglII and KpnI enzymes were located on the two ends of the left flank area, while the FseI and BsrgI enzymes were located at the two ends of the right flank area.
The flank areas with their enzymes were synthesized in the pGEM-b1 vector ( Fig. 2A,  2B ) by Bioneer Company (South Korea). However, the SwaI enzyme was placed at the beginning and the end of each flank area for the linearization of the constructs after cloning. .000 units of penicillin (base) and 10.000 μg of streptomycin (base)/ml as penicillin G sodium salt and streptomycin sulfate in 0.85% saline (all from Sigma, Germany). After 2-3 passages, log-phase promastigotes were used for the transfection.
Prokaryote host culture
We used E.coli top 10 (Invitrogen, UK) for competent cell preparation and transformation in all experiments. The preparation was carried out according to the standard method on LB media (13) .
Preparing inserts and vectors
The plasmid pGEM-B1 contains sequences of flank areas which preform PCR by primer M13 (M13for; 5'-TGTAAAACGACGGCCAG-3', M13rev; 5'-CAGGAAACAGCTATGAC-3') ( Fig.  3A) . PCR fragments were cut with BglII and KpnI enzymes (Fermentas, USA) and the PCR product was divided to 3 pieces of 600, 300 and 100 bp. A 300 bp fragment (Fig. 3B) was extracted from the gel, which was 3'flank. Also, pLEXSY-neo2 was cut by two enzymes: BglII and KpnI (Fig. 3D) . The vectors were cut with the enzymes extracted from the gel and ligated with 3'flank by T4 DNA ligase (Fermentas, USA). Ligation was transformed to the competent cell for cloning the vectors that contained 3'flank (pLEXSY-neo2/R1). To confirm the colonies containing the desired plasmid, Colony PCR was performed. The PCR fragments which were cut with BglII and KpnI enzymes. The PCR product which was divided into 3 pieces of 600, 300 and 100 bp; Lane 2 shows the 300 bp fragment. (C) The pLEXSY vector, which was cut by FseI and BsrgI enzymes; Lane 2 shows the ~ 0.7 kb fragment is separated from the vector. (D) The pLEXSY vector, which was cut by BglII and KpnI enzymes. Lane 2 shows the ~1 kb fragment is separated from the vector. (E) The PCR fragments which were cut with FseI and BsrgI enzymes. The PCR product which was divided into 3 pieces of 500, 400 and 100 bp; Lane 2 shows the 500 bp fragment PLEXSY-neo2/R1 was extracted via the alkaline lysis method. The PCR fragments were cut by FseI and BsrgI enzymes (New England Biolabs, UK). The plasmid pGEM-B1 contains sequences of flank areas, which preform PCR by primer M13. The PCR product was then divided into 3 pieces of 500, 400 and 100 bp (Fig. 3E ). The 500 bp fragment was extracted from the gel and became 5'flank. PLEXSY-neo2/R1 was cut by two enzymes: FseI and BsrgI (Fig. 3C) . The vectors, which were cut by the enzymes extracted from the gel, were ligated with 5'flank by T4 DNA ligase (Fermentas, USA).
The transformation and cloning were performed in the competent cell and the colonies were confirmed by Colony PCR. The vectors which contained 3'flank and 5'flank (pLEXSY-neo2/R1/R2) ( Fig. 2D) were constructed and sequenced. This process was repeated for the pLEXSY-hyg2/R3/R4 construction as well.
Plasmid extraction via the alkaline lysis method
A single colony of transformed bacteria was inoculated into 2 ml of rich LB medium containing ampicillin antibiotic. The culture was incubated for 16 h at 37 °C with vigorous shaking; 1.5 ml of the culture was then poured into a microfuge tube and centrifuged for 30 seconds at maximum speed at 4 °C. The medium was removed by aspiration leaving the bacterial pellet as dry as possible. The bacterial pellet was resuspended in 100 μl of ice-cold alkaline lysis solution I (50 mM glucose, 25 mM Tris-Cl, pH 8.0, 10 mM EDTA, pH 8.0) by vigorous vortexing. 200 μl of freshly prepared alkaline lysis solution II (0.2 N NaOH , 1% (w/v) SDS) was added to each bacterial suspension. The tube was closed tightly and its contents were mixed by inverting the tube five times rapidly. 150 μl of ice-cold alkaline lysis solution III (60.0 ml 5 M potassium acetate, 11.5 ml glacial acetic acid, and 28.5 ml H 2 O) was then added. The tube was inverted several times to mix the alkaline lysis solution III and the viscous bacterial lysate. The tube was stored on ice for 3-5 min. The bacterial lysate was centrifuged at maximum speed for 5 min at 4 °C in a microfuge. Then, the supernatant solution was transferred to a fresh tube. The nucleic acids were precipitated from the supernatant by adding 2 volumes of ethanol at room temperature. The solution was mixed by vortexing and then allowed to stand at room temperature for 2 min. The precipitated nucleic acids were collected by centrifugation at maximum speed for 5 min at 4°C in a microfuge. The supernatant was removed by gentle aspiration. The tube was placed in an inverted position on a paper towel to allow all of the fluid to drain away. The tube was then opened at room temperature until the ethanol had completely evaporated and no fluid was visible in the tube. The nucleic acids were then dissolved in 50 μl of DNAse free water.
Transformation procedure
Five ml of LB media was inoculated in E. coli and left to grow for 16 h at 37 o C in a shaker incubator. 0.1 ml of overnight culture was inoculated into a sterile tube containing 2 ml of LB broth. The culture was shaken at 37 o C until the cell density reached a mid-log growth phase (about 5 x 10 7 cells/ml), this took 2 to 4 h. The culture was then chilled on ice for 10 min. The cell suspension was spun at 2500 rpm in a centrifuge for 5 min at 4 o C and the supernatant discarded. Cells were resuspended in 200 µl of the ice-cold sterile 0.1 M CaCl 2 . The cell suspension was placed in an ice bath for 10 min, then centrifuged at 2500 rpm for 5 min at 4 o C, and the supernatant discarded. Gently the cells were resuspended in 50 µl of sterile ice-cold CaCl 2 using precooled pipettes and the competent cells remained on the ice. Ten to 40 ng of plasmid were added to the competent cells and the mixture incubated on ice for a further 30 min. The reaction was transferred to a 42 o C water bath for exactly 1.5 min, and incubated on ice for 2 min. 100 µl of LB broth was added without antibiotic to each tube and incubated at 37 o C for 1 h in a shaker incubator to allow cells to recover and express the antibiotic resistance marker. The appropriate quantity of cells was then spread on plates, which contained a LB agar media with ampicillin antibiotic. All plates were incubated overnight at 37 o C (Fig. 5E ).
Parasite transfection
Parasite transfection was done according to the manufacturer's instruction (Jena Biosience, Germany) for electroporation of Leishmania with Eppendorf Multiporator. Mid-log phase wild-type (WT) promastigotes were harvested by centrifugation (3000 rpm, 10 min, 4 0 C), washed 2 times in PBS (8 mM Na 2 HPO 4 , 1.75 mM KH 2 PO 4 , 0.25 mM KCl, 137 mM NaCl; pH 7.2) and then resuspended at 4 × 10 7 parasite/ml in cold HypoOsmolaric Buffer (HOB, Eppendorf) and kept on ice for 10 min (0.4 ml per transfection). Ten μg DNA (linear replacement construct) was added in 20 μl IsoOsmolaric Buffer (IOB, Eppendorf) to 0.4 ml cells, mixed well and transferred to a 2 mm electroporation cuvette (long electrodes) which was kept on ice. Cuvettes were pulsed using a Multiporator (Eppendorf, Germany) at 1000 V and 160 μsec and then returned to ice for exactly 10 min. The electroporated cells were kept in the liquid media in absence of antibiotics for 24 h prior to selection. To identify the resistant clones, transfected parasites were centrifuged (3000 rpm, 10 min, 4 0 C) and plated onto semi-solid DMEM media which contained 1% noble agar in the presence of 50 µg/ml LEXSY Neo antibiotic (Jena Bioscience, Germany). Single isolated clones were cultured in liquid medium in the presence of 50 µg/ml LEXSY Neo antibiotics. After the second round of transfection, both LEXSY Neo antibiotic (at 50 µg/ml) and LEXSY Hygro antibiotic (at 100 µg/ml) (Jena Bioscience, Germany) were used to homozygote the colonial selection. In each experiment, wild-type parasites were electroporated without DNA and were used as a negative control.
Genotypes confirmation of mutant parasites
Genomic DNA was isolated from log-phase promastigotes by using Tissue (plus) SV mini kit (GeneAll, South Korea). PCR and Southern blot analysis were performed to confirm correct integration of the antibiotic-resistance gene into the GPI12 site. The presence of an antibiotic-resistance gene was approved by PCR and by using specific primers forward and reverse. GAAACAGGATGGTACGGCTTGGA-3 for a sequence outside the targeted gene (14) . NEO r and HYG r probe was generated with Biotin PCR Labelling Core Kit (Jena Biosience, Germany) by labelling the PCR product with biotin, which was done according to the manufacturer's instructions. To check the presence of neomycin-resistance genes in the mutants and to make a probe, specific internal primers of neomycin-resistance gene (forward: were used (14) . For Southern blot analysis, genomic DNA from mutant and wild type parasites were digested with HindIII and FseI and later separated on a 0.8% agarose gel. DNA fragments were transferred onto a positively charged nylon membrane (Roche, Germany). Hybridization and detection of signals were carried out according to the standard method (13) .
Detection of GPI12 gene mRNA
Total RNA from log-phase parasites were isolated using total RNA Purification Kit (Jena Biosience, Germany). The cDNA was synthesized from 10 ng of total RNA using the RocketScript RT PreMix with oligo-dT primers. The cDNA was PCR amplified with specific primer of GPI12 gene (forward= CDf 5-GACTTGCAAGACGGCATGTG -3; reverse =CDR 5-AGACTGATGCGGGTGGAATG-3) (14) .
Western blot analysis of GPI12 protein
GPI12 L. major protein sequence was derived from a gene bank. Linear epitopes analysis was performed by Optimum Antigen TM design tool software and by SVMtrip software from the University of Nebraska (Fig. 4B) . The epitopes, which had minimal cross-reactivity with the rabbit, were selected (Fig. 4C) . These epitopes were obtained commercially from Genscript (USA) to produce antibodies and purification in rabbits (Fig. 4D) . Promastigote forms were harvested by centrifugation at 3000 rpm for 15 min and washed in PBS. The pellets were immediately lysed in 2x SDS-PAGE sample buffer (2% w/v SDS , 4.5 mM Tris-HCl, pH 6.8, 10% v/v glycerol, 5% v/v 2-ercaptoethanol, 0.05% w/v bromophenol blue) on ice and then boiled for 5 min. Samples from both the wild type and mutant L. major were separated by SDS-PAGE in on a 12% (w/v) polyacrylamide gel (SDS gel apparatus; Clever, UK). For Western blot analysis, the resolved proteins were transferred onto PVDF transfer membrane (Sigma, Germany) using a Bio-Rad semi dry blotting system. The membrane was preequilibrated overnight with TBST solution (10 mM Tris-HCl (pH 7.4), 150 mM NaCl, and 0.1% Tween 20) containing 3% skimmed milk and then primary antibodies against the linear epitopes GPI12 protein was added and incubated. The PVDF membrane was washed with TBS solution(10 mM Tris-HCl (pH 7.4), 150 mM NaCl) and the secondary antibody (Goat anti-rabbit IgG alkaline phosphatase conjugate) (abcam, UK) was reacted and incubated, after washing, and a substrate solution (NBT/BCIP) was added followed by incubation at room temperature in the dark.
Results
Molecular confirmation of constructs
To confirm the colonies containing the desired plasmid, Colony PCR was performed. Colony PCR is a convenient high-throughput method for determining the presence or absence of inserted DNA in plasmid constructs (15) . The transformants can be lysed in water with a short heating step. This initial heating step causes the release of the plasmid DNA from the cell, so it can serve as a template for the amplification reaction. A sterile toothpick was twirled in an individual colony, then it was inserted into 20µl of water in a new tube, it was twirled against the side wall, then the toothpick was streaked onto a grid location on the LB plate containing ampicillin and a backup of the colonies was gathered (Fig. 5f ). This was repeated for as many colonies as required, 3 -5 times is usually sufficient for each construct. The primers, which were designed to specifically target the inserted DNA, can be used to determine whether the construct contains the DNA fragment of interest. Colonies containing pLEXSY-neo2/R1 vectors ( 
Linear replacement construct
After the recombinant plasmids were confirmed by sequencing, a DNA fragment from recombinant plasmids containing the antibiotic-resistance gene (Neomycin and Hygromycin B) flanked by 5' and 3'F sequences was used for transfection. Both vectors were digested with SwaI to produce linear replacement fragments (5'F-NEO-3'F and 5'F-HYG-3'F, termed NEO r and HYG r cassettes). After the digestion pLEXSY-neo2/R1/R2 vector with SwaI, four fragments were produced: 3860, 2864, 1094 and 96 bp, among which 3860 bp was the specific fragment (Fig. 6A) . pLEXSY-hyg2/R3/R4 vector, after being digested with SwaI, produced the following four fragments:4082,2868,1094, and 96 bp, among which 4082 bp was the specific fragment (Fig.  6B) . The Linear replacement construct were purified from the gel before electroporation (agarose gel extraction kit, Jena Bioscience, Germany). 
Genotypic analysis of mutant parasites for antibiotic gene integration
In the first round of transfection, we expected that one allele of GPI12 was disrupted by NEO construct replacement using the 5'F-NEO-3'F cassette. To generate double mutants, 5'F-HYG-3'F fragment was used to target the second allele of GPI12.To find the homozygote clones, a selection procedure was performed on semi-solid medium supplemented with both lexsy NEO and lexsy HYGR. In order to verify the complete GPI12 ORF replacement by NEO r gene and HYG r through homologous recombination, we analysed genomic DNA of mutants using both PCR and Southern blot analysis. Antibiotic specific integration was confirmed using primers Regn1R and Regn1F (14) . For Southern blot analysis, genomic DNA from wild-type and mutants was digested with FseI/HindIII and hybridized with the Biotinlabelled HYG r and NEO r probe (14) .
Morphological features of the mutant parasites
The size of wild type and mutant promastigotes after staining with Giemsa was measured by microscope eyepiece micrometre. Light microscopy analysis demonstrated that mutant parasites are not different in size and shape in comparison to the wild-type parasites.
Gene expression of GPI12 in wild-type and mutant parasites
Expression of GPI12 was studied by RT-PCR. cDNA from wild-type and mutant strains were used in RT-PCR reaction with GPI12-specific primers. The amplification of a specific band in cDNA of wild-type L. major promastigotes confirmed the presence of GPI12 mRNA and its expression (Fig. 7 . Lanes 2 and 3) but in cDNA of mutant parasites no specific amplified band was observed and the absence of GPI12 and its expression was confirmed (14) .
Protein product in the in wild-type and mutant parasites
To confirm the presence of protein products in the mutants, as well as the wild-type L. major as the control, Western blot analysis was performed by using cell lysates from promastigotes. Anti-GPI12 linear epitopes were able to detect the 28.8kDa protein band corresponding to GPI12 in the wild type (Fig. 7A.  lanes 2 and 3) however, the mutant parasite had no such specific band (Fig. 7A. lanes 4  and 5) ; confirming the absence of GPI12 protein product. The obtained data is consistent with RT-PCR of the mutant parasites. To obtain a suitable concentration of the primary antibody, it was tested by Dot Western Blot (Fig. 7B) . 5) and the wild-type (lanes 2 and 3) were separated on 12% SDS-PAGE and transferred onto the membrane. The GPI12, which was detected by using anti-GPI12 linear epitopes, was recognizable as a 28.8 kDa protein band. Lane 1 shows protein size markers (14) . (B)To obtain a suitable concentration of the primary antibody, it was tested by Dot Western Blot
Discussion
The purpose of this study was to delete GPI12 gene in L. major by the homologous recombination method. We demonstrated that both alleles of GPI12 gene in L. major were removed. We also showed that they were able to generate null mutants, which supports the idea that the GPI12 gene is not essential for the survival and growth of Leishmania. The homozygous knockouts of Leishmania were able to survive. In this study, we adopted those methods that save our time and money.
In the present study, the flank region was synthesized using the pGEM-b1 vector. In a few studies (10, 16, 17) , 5 ' and 3' flanking regions of the Lmjsp were amplified by PCR from L. major genomic DNA using specific primers containing restriction enzyme sites. This is correct, but when the PCR product can be incised with enzymes, incision areas are not visible on agarose gel, and a long time has to be spent on building constructs, and cloning would take very long. However, in our method, the incision areas were visible on the gel and the ligation cloning was shorter.
In this study, we used of the pLexsy-hyg2 and pLexsy-neo2 vectors. Previously these vectors have been used for gene knock-in in L. major (18) . In order to achieve our goal (i.e. gene knockout), the structures of the vectors had to be modified. Utr2, utr3 areas are required for the trans splicing and polyadenylation of the gene marker. We have shown that the use of these vectors is possible to delete a gene in L. major.
In our study, Southern blot analysis was performed to confirm the correct integration of the antibiotic-resistance gene into the gene site. NEO r and HYG r probes were generated by labelling the PCR product with Biotin PCR Labelling Core Kit. In such studies, usually radiolabelling probes are used. Nonradioactive detection methods represent some advantages versus the radioactive methods as they avoid the need for specific waste disposal methods and the licensing and safety concerns connected with the use of radioactive material. Non-radioactive probes are also more stable than the radioactive probes that are made with P 32 and Southern blotting detection sensitivity is comparable between the two probe types. Exposure times to detect the hybridization signal in non-radioactive detection methods are shorter. Overall, non-radioactive probes are cheaper (19) .
Western blotting is a technique that used for identification of specific proteins. In this technique, proteins are separated through vertical gel electrophoresis based on their molecular weight and by type. Separated proteins are then transferred to a membrane, each protein producing a specific band in the membrane. The membrane is blocked and then incubated with specific antibodies. Usually primary polyclonal antibodies are used which are prepared after injection of the complete protein into a suitable host (Fig. 4A) .
We however, have used a new method in our own experiment. In Western blot analysis, linear epitopes of protein are exposed to the primary antibody after SDS page is performed. Considering this, we attempted to use only the linear epitopes of GPI12 protein of L. major for antibody production (instead of the complete proteins) which were analysed using software and used after performing necessary check-ups with appropriate host epitopes of these epitopes.
Using the linear epitope antibody instead of a complete protein, removes synthesis protein production and the purification step (20) and reduces the possibility of cross-reactivity with other proteins.
The drugs currently available are not satisfactory, because drug therapy for a long time is expensive and toxicity and drug resistance has been observed. In recent years, the production of an effective vaccine to prevent human Leishmania has been considered but not yet made (21) . According to an old principle of vaccination, as the vaccine is closer to the nature of a disease, it provides a better immunity. In terms of public health, attenuated vaccines are the gold standard for protection against intracellular organisms, for example, the production of vaccines to protect against rubella, smallpox, measles, etc. Many methods are used for the production of attenuated strains such as in long-term in vitro cultures (22) , selected for temperature sensitivity (23), chemical mutagenesis (24) and ɣ-attenuation (25) . Although these attenuated strains created protection in a murine model, but because of the possibility of them returning to the wild form are not suitable for use in humans (25) . In addition, unknown attenuation leads to loss of effectiveness for protective immunity, because these strains fail to infect or did not express major antigen epitopes for long time (26) . The completion of the project to completely sequence the genome of Leishmania species, provided the possibility of genetic manipulation for the manufacture of new vaccines. A defined and specific genetic alteration of the Leishmania genome can be brought about using a gene targeting strategy through homologous recombination that allows the generation of parasites, which lack the specific genes essential for virulence and long-term survival. The first recombinant parasite generated by gene replacement was the L. major dihydrofolate reductase-thymidylate synthase (dhfr-ts) knock out (27) . Vaccines made by this method keep the original form of the antigenic parasites.
Virulence is influenced by two groups of parasite molecules: one group consists of a vast majority of the products secreted by the parasite membrane and the other group is intracellular molecules, which encompasses the so-called pathoantigen and generally conserves proteins in the cytoplasm. The patients' immune responses are produced against the parasitical intracellular antigens. In contrast, the immune response produced against surface or secreted molecules is low. Actually, many of these molecules contribute to the parasite infection in the host cells (28) (29) (30) (31) .
Conclusion
We were able to create a null mutant parasite that maintained the original form of the antigenic parasites, which may make an effective immunity. Further investigations are essential to check this model in a suitable host.
